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(57) Abstract 

An implantable flow regulator for the infusion of drugs into an animal body from a pressure actuated drug delivery devi- 
ce, such as an implantable infusion pump. The flow regulator is designed to compensate for variation in ambient pressures and 
temperatures to insure accurate uniform rate of drug flow. The flow regulator comprises a body ( 10) having a shallow cavity divi- 
ded into two chambers (18, 19) by a flexible diaphragm ( 15) . The first of these chambers ( 1 8) is a pressure sensing chamber. The 
other is a valving chamber (19) through which the drug flows, the outlet (21) from that chamber being centrally disposed under- 
lying the diaphragm whereby flexing of the diaphragrrfin'one direction as a result of increased pressure in the other chamber 
contacts an elastomeric sealing ring (28) around the outlet and closes off the flow path. At least one capillary restrictor(33) is di- 
sposed in the flow line between the drug delivery device and flow regulator. The pressure drop across this restrictor governs ope- 
ration of the flow regulator valve. 
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IMPLANTABLE DRUG INFUSION REGULATOR 



Technical Field 
This invention is directed to an accessory 



device for accurately controlling the flow rate of drugs 
5 from drug delivery devices, implanted or external, that 
depend on a fluid restriction to limit the flow rate from 
a pressurized drug storage chamber* 



10 fusion pump illustrated and described in U. S. Patent No. 
3,731,681, the disclosure of which is incorporated herein 
by reference, U. S. Patent No. 3,731,681 illustrates and 
describes an implantable infusion pump, or so-called 
"artificial gland", which uses a liquid/vapor equilibrium 

15 to maintain a constant pressure- on ~a drug, such as in- 
sulin, flowing through a capillary tube in order to main- 
tain a constant flow rate. This technique of flow control 
is sensitive to temperature and atmospheric pressure. Be- 
cause the temperature of the human or animal body remains 

20 relatively constant, the vapor pressure also stays con- 
stant. Where the patient -.remains in a local region, air 
pressure is a minor variable. However, there are condi- 
tions under which both temperature and pressure can change 
a significant amount. If the patient has a fever, or 

25 works in a cold environment, the temperature of the im- 
planted gland can change several degrees. The internal 

3 

pressure change xs about 0.5 psi per degree F (6.3 x 10 
2 

NT/m per degree C). A 25 per cent increase in pressure 
and drug flow rate can result from a fever of 102.5° F. 
30 (39.2° C). This change is more than can be tolerated when 
a critical drug is being administered. 



duced air pressure in airplane cabins when the patient is 
traveling. The standard airplane pressure is maintained 



Background of the Invention 
One device of this type is the implantable in- 



A more serious situation results from the re- 
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at a level corresponding to an altitude of about 5,000 
feet (1500 m) above sea level. With a gland using an 8.2 
psi (5-6 x 10 NT/m ) internal pressure, this would in- 
crease the differential pressure by 26 per cent over the 
5 sea level setting. Although the drug dosage can be ad- 
justed by changing the concentration of drug in the gland, 
this is a serious inconvenience and hardship for patients 
who must travel by air frequently. 

Summary of the Invention 
10 The present invention is directed to a regulator 

device to compensate for variations in pressure and tem- 
perature to insure accurate uniform rate of drug flow. 
Broadly stated, the implantable flow regulator comprises a 
body having a shallow internal cavity and a flexible dia- 
ls phragm in the body dividing the cavity into two chambers. 
An inlet is provided to each of the chambers . An outlet 
is provided from the second of the chambers, this outlet 
being centrally disposed in the wall of the cavity under- 
lying the diaphragm so that flexing of the diaphragm in 
20 one direction contacts an elastomeric sealing ring around 
the outlet and thus closes off the fluid passageway. The 
inlets of the regulator body are adapted to be connected 
to a capillary flow line from a pressure actuated drug 
delivery device. The flow line includes at least one 
25 capillary restrictor upstream from the inlet to the second 
chamber. The outlet from the second chamber of the regu- 
: lator body is adapted to be connected to a catheter flow 
line extending to the desired infusion site within an ani- ^ 
mal body. 

30 The capillary restrictor is thus in series with 

the flow control valve formed by the outlet and diaphragm. 
The normal pressure drop across the capillary is less than 
the minimum pressure drop across both, that is to say, the 
pressure difference between the drug chamber of the deliv- 

35 ery device and the outside environment of the infusion 
site. The pressure drop across the capillary tube is 
sensed by the diaphragm. When the opposing forces on the 
diaphragm balance out, the diaphragm is stationary. ' If 
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the forces are unbalanced, the diaphragm is deflected 
either to close the valve when the pressure drop is high, 
or to open the valve when the pressure drop is low. 

Brief" Description of the Drawings 
5 The invention is illustrated in the accompanying 

drawings in which corresponding parts are identified by 
the same numerals and in which: 

FIGURE 1 is a schematic representation of the 
flow regulator according to the present invention, used in 
10 conjunction with an exemplary pressure actuated drug 
delivery device; 

FIGURE 2 is a top plan view of the flow regu- 
lator; 

FIGURE 3 is an elevation thereof; 
15 FIGURE 4 is a section on the line 4-4 of FIGURE 

2 and in the direction of the arrows; and 

FIGURE 5 is a fragmentary section on the line 
5-5 of FIGURE 2 and in the direction of the arrows. 

..Detailed Descri ption of the Preferred Embodiment 

Referring now to the drawings, the flow regu- 
lator according to the present invention comprises a body, 
indicated generally at 10, and made up of mating top 
member 11 and bottom member 12. The top portion of bottom 
body member 12 has a deep recess into which the bottom 
portion of top body member 11 is received in mating rela- 
tion. A resilient gasket 14 : is seated in the bottom of 
the cavity. A resilient diaphragm 15, composed of flexi- 
ble but impervious material (such as 0.003 inch (0.0762 
mm) titanium metal, for example) is disposed in the cavity 
resting on gasket 14 . A resilient O-ring 16 is disposed 
in the cavity on top of diaphragm 15 so as to engage the 
bottom chamfered edge of top member 11 so as to seal the 
unit when the top and bottom members are assembled and 
fastened together, as by means of a plurality of screws 
35 17. Alternatively, the upper and lower body members and 
diaphragm may be welded together into an integral unit. A 
shallow recess in the bottom surface of the top member 11, 
along with the remaining space in the bottom body portion 



20 
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after assembly of the body, forms a shallow internal 
cavity which is divided by diaphragm 15 into a first or 
upper chamber 18 and a second or lower chamber 19 . 



5 20 communicating with chamber 1.9 within the body, and an 
outlet passage 21 likewise communicating with that cham- 
ber. The outer ends of both passages are provided with 
fittings or adaptors 22 and 23, respectively. Fitting 22 
is adapted to connect one end of a flow line 24 whose 

10 opposite end is connected to receive the discharge from a 
pressure actuated drug delivery system (FIGURE 1), such as 
an implantable infusion pump, indicated generally at 25. 
Fitting 23 is adapted to connect to a catheter flow line 
16 extending to the desired infusion site within the ani- 

15 mal body. The interior end of outlet passage 21 ter- 
minates in a central recess 27 in the bottom wall of 
chamber 19. A resilient O-ring 28, whose thickness is 
greater than the depth of recess 27, is seated in the 
recess underlying diaphragm 15 . ^_The_ area between the top - 

20 surface of O-ring 28 and diaphragm 15 forms a restricted 
flow passage when the diaphragm is flexed downwardly. If 
the pressure in chamber 18 is great enough, the diaphragm 
is forced into contact with O-ring 27 in order to shut off 
the flow through the outlet. 

25 The upper body member 11 has an inlet passage 29 

and outlet passage 30 extending into chamber 18 on the top 
side of diaphragm 15. The outer ends of passages 29 and 
30 are provided with fittings 31 and 32, respectively. - 
Fitting 29 is adapted to connect to a flow line connected 

30 to the discharge from a pressure actuated drug delivery 
device, such as implantable infusion pump 25. Fitting 31 
is adapted to connect to the opposite end of flow line 24. 



strictors 33, 33 A upstream from inlet 2 0 and in series 
35 with the valve mechanism formed by diaphragm 15 and O-ring 
28. In a preferred embodiment as illustrated, restrictors 
33 and 33A are disposed in series in flow line 24. Re- 
strictor 33A offers greater resistance to flow than does 



• The bottom body -member 12 has an inlet passage 



Flow line 24 includes one or more capillary re- 
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restrictor 33, ten times in one exemplary embodiment! A 
valved by-pass flow line 24A extends around restrictor 
33A. The valve is ordinarily closed but may be opened (as 
described in my " copending -application entitled "Magneti- 
5 cally Controlled Drug Infusion System", Serial No. 57,167, 
filed 13 July 1979). This leaves restrictor 33 as the 
pressure drop element and permits increased flow of drug 
when needed, as in the case of increased flow of insulin 
to a diabetic patient for a period of time immediately 
10 following a meal. A variety of different flow rates may 
be selected through use of several restrictors of differ- 
ent resistances, along with corresponding valved by-pass 
flow lines around the restrictors of greater resistance. 

All parts of the flow regulator are formed from 
15 materials which are inert, non- toxic and bio-compatible, 
sterilizable and capable of long life in contact with the 
infusate and body fluids. Titanium is a preferred mater- 
ial for the body parts and fittings. The seals may be of 
any elastomer having .the requisite properties, which also 
20 have good molding properties and long flex life. Surgical 
grade silicone rubber, polyurethane, and the like, are 
exemplary. 

The exemplary drug delivery device, implantable 
infusion pump 25, comprises a housing 34 divided into a 
drug chamber 35 and a propellant chamber 36 by means of a 
bellows diaphragm 37. The infusion pump is implanted in 
an animal under the skin surface so that the drug chamber 
may be replenished hypodermically through the skin and 
through a penetrable resilient stopper 38. The propellant 
30 chamber contains a liquid whose vapor pressure is such 
that, under the conditions of normal body temperature, 
pressure is exerted upon the bellows to force the drug 
contained therein out through discharge opening 39 through 
the capillary flow line 40 to the flow regulator. If the 
35 pressure within the drug chamber 35 is P x and the pressure 
outside the drug delivery device is P 2 , then A P, the 
pressure drop across capillary restrictor 33, is P x minus 
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Diaphragm 15 may be a flat disc supported be- 
tween the top and bottom body members 11 and 12, as illus- 
trated and described. Alternatively, the diaphragm may be 
supported by a bellows structure similar to that of bel- 
lows 37 of the infusion pump . so as to extend either 
upwardly or downwardly. The diaphragm should be thin for 
easy flexing and smooth so as to engage the surface of 
O-ring 28 in sealing engagement. The pressure difference 
between chambers 18 and 19 is opposed by a spring which 
can be either the diaphragm's own resistance to deflec- 
tion, or the resistance of a bellows, or a separate spring 
(not shown) pressing on the diaphragm. 

Although reference is made herein to "top", 
"bottom", "upper", "lower", etc., these are relative only 
and are for purposes of ease in understanding the struc- 
ture as illustrated. It is to be understood that when 
implanted in a body, the flow regulator may have whatever 
different orientation is appropriate under the existing 
circumstances. Although size isjiot^a critical feature of 
the flow regulator, in one exemplary form diaphragm 15 is 
approximately 2.5 cm. 

As best seen in FIGURE 1, in the operation of 
the device the drug in chamber 35 is forced out through 
flow line 40 to flow regulator chamber 18, from that 
chamber to flow line 24 which includes capillary restric- 
tor 33, into chamber 18 and- out through flow line 26 to 
the desired infusion site. 

Alternatively, although not preferred, chamber , 
19 may be dead-ended. That is, it has no outlet. Then, 
flow line 24 connects with flow line 40 so that the drug 
flow is directly to the restrictor 33 without passage 
through chamber 19, but that chamber is subject to the 
pressure of the drug supply chamber of pump 25. 

Ordinarily the opposing forces on the diaphragm 
balance out and the diaphragm is stationary. If the 
forces are unbalanced, for example, by a decrease in flow 
that reduces the pressure difference across the capillary, 
the diaphragm will deflect. The diaphragm position deter- 

f OMPI 
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mines the resistance to flow of the control valve. The 
control valve seal presses against the low pressure side 
of the diaphragm and, therefore, will open the valve when 
the pressure drop" across the capillary is low and close 
5 the valve when the pressure drop is high. This negative 
feedback controls the -flow to maintain it constant at a 
value determined by the balance of pressures on the dia- 
phragm* 

Flow rates as small as 1 ml/day may be con- 

10 trolled to within ± 5 per cent. This flow rate is so low 
that even small leakage paths through the valve would ex- 
ceed the control range. The polished surface of the dia- 
phragm forces the elastomer O-ring 28 to conform to its 
surface profile to reduce the leakage path to zero when 

15 fully seated. The diaphragm movement needed to go from 
fully seated to the flow rate of the desired dosage level 
is very small, which gives the valve a high effective gain 
as a control element. 

Because the cavity containing chambers 18. and 19 

20 is very shallow, only a small deflection of the diaphragm 
in either direction is permitted. This allows support for 
the diaphragm if over-pressured. It also permits a pack- 
age envelope that is thin and can be easily placed within 
or attacheld to a delivery device such as the exemplary 

25 infusion pump. The flow control regulator makes possible 
the use of that pump as an insulin delivery system which 
requires close control. In the case of less critical 
drugs, such as heparin, the regulator is not necessary 
under ordinary conditions. However, its use does relieve 

30 the patient of the necessity to take special precautions 
during air travel or other situations when air pressure is 
reduced. 

It is apparent that many modifications and 
variations of this invention as hereinbefore set forth may 
35 be made without departing from the spirit and scope there- 
of. The specific embodiments described are given by way 
of example only and the invention is limited only by the 
terms of the appended claims; 
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IT IS CLAIMED THAT: 

1. An implantable flow regulator for the infusion 
of drugs- into an" animal body from a pressure actuated drug 
delivery device, said regulator comprising: 

5 A) a, body, 

B) a shallow cavity within said body, 

C) a flexible diaphragm in said body dividing 
said cavity into two chambers, 

E) an inlet to the. second of said chambers, 
10 F) an outlet from the second of said chambers, 

said outlet being centrally disposed in the wall of the 
cavity underlying said diaphragm, whereby flexing of the 
diaphragm in one direction closes said outlet, and 

G) at least one flow restrictor in series with 
15 the inlet and outlet of said second chamber. 

2. A flow regulator according to claim 1 wherein: 

A) said inlets are provided with fittings for 
connection to a flow line from the drug delivery device, 
said flow line including at least one capillary restric- 

20 tor, and 

B) said outlet is provided with a fitting for 
connection to a cathetor flow line extending to an infu- 
sion site within the animal body, 

3. A flow regulator according to claim 1 wherein 
25 said outlet from said second chamber includes: 

A) a shallow recess in the cavity wall, and 

B) a resilient ring in said recess surrounding 
the outlet passage, the thickness of said ring being 
greater than the depth of said recess. 

30 4. A flow regulator according to claim 2 wherein 

said body, diaphragm and fittings are composed of inert 
non- toxic bio-compatible material. 
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5 - A flow regulator according to claim 4 wherein 

said material is titanium* 

6. - A flow "regulator -according to claim 2 wherein: 

A) an outlet is provided from said second 

5 chamber, 

B) said outlet is provided with a fitting for 
connection to a capillary flow line extending to the inlet 
of said second chamber, whereby the flow from the drug 
delivery device to the infusion site is through the first 

10 chamber, and 

C) said capillary restrictor is between said 
first chamber outlet and second chamber outlet* 

7 - A flow regulator according to claim 1 wherein: 

A) said body is comprised of mating members, 
15 each having a cavity- forming recess in its inner face, and 

B) said diaphragm is a thin disc supported at 
its periphery between said members,, 

8- A flow regulator according to claim 1 wherein: 

A) said body is comprised of mating members, 
20 each having a cavity- forming recess in its inner face, and 

B) said diaphragm is supported by a bellows. 

9 - A flow regulator according to claim 1 wherein: 

A) at least two capillary restrictor s of dif- 
ferent flow resistance are in series with the inlet and 

25 outlet of said second chamber, and 

B) a valved by-pass flow line extends around 
the restrictor of greater resistance. 

10* An implantable flow regulator for the infusion 

of drugs into an animal body from a pressure actuated drug 
30 delivery device, said regulator comprising: 

A) a body, 

B) a shallow cavity within said body, 
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C) a flexible diaphragm in said body dividing 
said cavity into two chambers , 

D) an inlet to the first of said chambers, 
said inlet being "provided with a fitting for connection to 

5 a flow line from the drug delivery device, 

E) an outlet from the first of said chambers, 
said outlet being provided with a fitting for connection 
to a flow line, 

F) an inlet to the second of said chambers, 
10 said inlet being provided with a fitting for connection to 

a capillary flow line, 

G) at least one flow restrictor in said flow 
line between said first chamber outlet and second chamber 
inlet, and 

15 H) an outlet from the second of said chambers, 

said outlet including a centrally disposed shallow recess 
in the cavity wall and a resilient ring in said recess 
surrounding the outlet passage, the thickness of said ring 
being^ greater than the depth j)f^j aid recess, whereby 

20 flexing of the diaphragm in one direction closes the out- 
let, and a fitting for connection to a catheter flow line 
extending to an infusion site within the animal body, said 
body, diaphragm and fittings being composed of inert, 
non- toxic bio-compatible material* 

25 11* A flow regulator according to claim 10 wherein 

said material is titanium* 

12. A flow regulator according to claim 10 wherein: 

A) at least two capillary restrictors of dif- 
ferent flow resistance are in series with the inlet and 

30 outlet of said second chamber, and 

B) a valved by-pass flow line extends around 
the restrictor of greater resistance . 
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AMENDED CLAIMS 
(received by the International Bureau on 7 October 1980 (07.10.80)) 



1 - An implantable flow regulator for the infusion 

of drugs.- into an" animal body .from a pressure actuated drug 
delivery device, said regulator comprising: . 
5 A) a body, 

B) a shallow cavity within said body, 
G) a flexible diaphragm in said body dividing 
said cavity into two chambers, 

E) an inlet to the. second of said chambers, 
10 F) an outlet from the second of said chambers, 

said outlet being centrally disposed in the wall of the 
cavity underlying said diaphragm, whereby flexing of the 
diaphragm in one direction closes said outlet, and 

G) at least one flow restrictor in series with 
15 the inlet and outlet of said second chamber. 

2 • A flow regulator according to claim 1 wherein: 

_ A) said inlets are provided with fittings for 
connection to a flow line from the drug delivery device, 
said flow line including at least one capillary restric- 
20 tor, and 

B) said outlet is provided with a fitting for 
connection to a cathetor flow line extending to an infu- 
sion site within the animal body. 



25 



3 • A flow regulator according to claim 1 wherein 

said outlet from said second chamber includes: 

A) a shallow recess in the cavity wall, and 

B) a resilient ring in said recess surrounding 
the outlet passage, the thickness of said ring being 
greater than the depth of said recess . 

30 4 • A flow regulator according to claim 2 wherein 

said body, diaphragm and fittings are composed of inert 
non-toxic bio-compatible material . 
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5* A flow regulator according to claim 4 wherein 

said material is titanium. 

6* A flowregulator.-according to claim 2 wherein: 

A) an outlet is provided from said second 

5 chamber, 

B) said outlet is provided with a fitting for 
connection to a capillary flow line extending to the inlet 
of said second chamber, whereby the flow from the drug 
delivery device to the infusion site is through the first 

10 chamber, and 

C) said capillary restrictor is between said 
first chamber outlet and second chamber outlet. 

7. A flow regulator according to claim 1 wherein: 

A) said body is comprised of mating members, 
15 each having a cavity- forming recess in its inner face, and 

B) . said diaphragm is a thin disc supported at 
its periphery between said members,, 

8. A flow regulator according to claim 1 wherein: 

A) said body is comprised of mating members, 
20 each having a cavity- forming recess in its inner face, and 

B) said diaphragm is supported by a bellows. 

9. A flow regulator according to claim 1 wherein: 

A) at least two capillary restrictors of dif- 
ferent flow resistance are in series with the inlet and 

25 outlet of said second chamber, and 

B) a valved by-pass flow line extends around 
the restrictor of greater resistance. 

10. An implantable flow regulator for the infusion 
of drugs into an animal body from a pressure actuated drug 

30 delivery device, said regulator comprising: 

A) a body, 

B) a shallow cavity within said body, 
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C) a flexible diaphragm in said body dividing 
said cavity into two chambers, 

D) an inlet to the first of said chambers, 
said inlet being "provided with a fitting for connection to 
a flow line from the drug delivery device, 

E) an outlet from the first of said chambers, 
said outlet being provided with a fitting for connection 
to a flow line, 

F) an inlet to the second of said chambers, 
said inlet being provided with a fitting for connection to 
a capillary flow line, 

G) at least one flow restrictor in said flow 
line between said first chamber outlet and second chamber 
inlet, and 

15 H) an outlet from the second of said chambers, 

said outlet including a centrally disposed shallow recess 
in the cavity wall and a resilient ring in said recess 
surrounding the outlet passage, the thickness of said ring 
being_ greater than the depth _of__s aid recess, whereby 
flexing of the diaphragm in one direction closes the out- 
let, and a fitting for connection to a catheter flow line 
extending to an infusion site within the animal body, said 
body, diaphragm and fittings being composed of inert, 
non-toxic bio-compatible material, 

25 11. A flow regulator ^according to claim 10 wherein 

said material is titanium. 

12 • A flow regulator according to claim 10 wherein: 

A) at least two capillary restrictors of dif- 
ferent flow resistance are in series with the inlet and 

30 outlet of said second chamber, and 

B) a valved by-pass flow line extends around 
the restrictor of greater resistance. 
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13. A system for implantation in an animal body for 

the infusion of liquid drugs into said body, said system 
comprising: 

- A) a "pressure actuated drug delivery device 
comprising: 

1) . a housing, 

2) a collapsible drug chamber within the 
housing, 

3) an inlet passage to said drug chamber, 

4) a penetrable resilient stopper in that 
passage, 

5) a propellant chamber within the 
housing surrounding the drug chamber, 
and 

6) a liquid within the propellant chamber 
whose vapor pressure is such that, 
under conditions of normal body tem- 
perature, pressure is exerted upon the 
collapsible chamber; and 

B ) a pressure sensitive flow regulator con- 
nected to the drug chamber of the drug 
delivery device and comprising: 

1) a body, 

2) a shallow cavity within said body, 

3) a flexible diaphragm in said body 
dividing said cavity into two cham- 
bers ; 

4) an inlet to the first of said cham- 
bers, said inlet being connected to 
the drug chamber of the drug delivery 
device, 

5) an inlet to the second of said cham- 
bers connected to receive the drug 
from the drug chamber, 

6) an outlet from the second of said 
chambers, said outlet being centrally 
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disposed in the wall of the cavity 
underlying said diaphragm, whereby 
flexing of the diaphragm in one direc- 
tion closes said outlet, and 
7) at least one .flow restrictor in series 
with the inlet and outlet of said second 
chamber. 

14. : A system according to claim 13 wherein said out- 
let from said second chamber of the flow regulator 
includes : 

A) a shallow recess in the cavity wall; and 

B) a resilient ring in said recess surrounding 
the outlet passage, the thickness of said 
ring being greatet than the depth of said 
recess. 

15. A system according to claim 13 wherein: 

A) said inlets to the flow regulator are 
provided with fittings for connection to a 
flow line from the drug delivery device, 
said flow line including at least one 
capillary restrictor, and 

B) said outlet from the flow regulator is pro- 
vided with .a fitting for connection to a 
catheter flow line extending to an infusion 
site within the animal body. 

16. A system according to claim 15 wherein: 

A) an outlet is provided from said second 
chamber of the flow regulator, 

B) said outlet is provided with a fitting for 
connection to a capillary flow line extend- 
ing to the inlet of said second chamber, 
whereby the flow from the drug delivery 
device to the infusion site is through the 
first chamber, and 
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C) said capillary restrictor is between said 
first chamber outlet and said second cham- 
ber inlet. 

17 . ■ A system according to claim 13 wherein: 

A) said body of the flow regulator is com- 
prised of mating members, each having a 
cavity- forming recess in its inner face, 
and 

B) said diaphragm is a thin disc ' supported at 
its periphery between said members. 

18. A system according to claim 13 wherein: 

A) at least two capillary restrictors of 
different flow resistance are in series 
with the inlet and outlet of said second 
chamber of the flow regulator, and 

B) a valved by-pass flow line extends around 
the restrictor of greater resistance. 
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